Elastic Wave Propagation and Scattering in Austenitic Steel by Klaholz, S. et al.
ELASTIC WAVE PROPAGATION AND SCATTERING IN AUSTENITIC STEEL 
S. Klaholz, K. J. Langenberg, P. Baum 
Dept. Electrical Engineering 
University of Kassel 
34109 Kassel, Germany 
F. Waite 
Fraunhofer-Institute for Nondestructive Testing 
66123 Saarbriicken, Germany 
INTRODUCTION 
Ultrasonic nondestructive testing of austenitic steel welds is very difficult, 
because fundamental wave propagation and scattering effects in such complicated 
anisotropic environments are only hardly understood [I, 2]. Therefore, a step-by-step 
evaluation of elastic wave propagation in transversely isotropic media has been 
initiated. Under the assumption of transverse isotropy the numerical EFIT code 
(Elastodynamic Finite Integration Technique) [3] - [7] was extended to anisotropic 
homogeneous media. It allows 3D computation of quasi pressure and quasi shear as 
well as surface waves in transverse isotropic media. Results for finite aperture 
transducer radiation and crack scattering in a single crystal austenitic weld are 
presented; measurements of amplitude dynamics, A-Scans and C-Scans confirm the 
EFIT simulations [8]. 
WAVE PROPAGATION IN A 3D SINGLE CRYSTAL WELD 
The first simulation illustrates wave propagation in a 3D transversely isotropic 
test specimen through time domain wavefront snap shots. The test specimen (Fig. 1) 
is a single crystal austenitic weld with a grain-orientation parallel to the surface. The 
modeled transducer is a cylindrical normal probe with a diameter of 6.3 mm and a 
carrier frequency of 3 MHz. The exciting pulse is a broadband modified cosine 
function, a RC (Raised-Cosine) pulse with 4 cycles. In Fig. 2 time domain wavefront 
snap shots of the transducer soundfield in two different sectional planes are presented. 
The magnitude of the particle velocity vector is displayed in a grey scale code for 
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discrete time instants. 
The main beam in the snap shots is represented by the nearly plane geometric 
optical quasi pressure wavefront. The second prominent features are two isotropic 
cylindrical shear wave fronts in the XTX3 plane - which is the plane where isotropy 
holds - and two quasi shear wave fronts showing a cusp-like shape in the XI-X3 plane. 
Four Rayleigh wave pulses are also observed, two from each aperture edge, traveling 
to the right and to the left. 
grain-orientation 
EFIT -Parameters 
specimen austenite 308 
Xl 20mm 
X2 20mm 
X3 10mm 
aperture d = 6.3mm 
normal h = 3MHz 
RC 4 cycles 
Figure 1. Geometry of the 3D simulation 
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Figure 2. Time domain wavefront snap shots in two different sectional planes; left side: 
X2-X3 plane, right side: XI-X3 plane. 
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COMPARISON OF EFIT WITH EXPERIMENTS 
In the following some numerical results, obtained with the two- and 
three-dimensional version of the EFIT code, are compared with measurements to 
confirm the underlying model. 
2D Comparison with Dynamic Curves 
In this 2D simulation EFIT models the transducer radiation and beam skewing in the 
XI-X3 plane of the single crystal weld with a grain-orientation of 7.50 with respect to 
the x3-axis (Fig. 3). The transmitting and receiving transducers are both normal 
probes with a size of 6.3 mm and a carrier frequency of 2.25 MHz. In Fig. 4 the 
transducer radiation into the specimen is demonstrated with time domain wavefront 
snap-shots for discrete time instants. The beam skewing of the quasi pressure wave 
front in the direction of the transducer skewing angle can be seen. Fig. 5 compares 
the measured amplitude-dynamic of the pitch-catch arrangement with the 
EFIT-results. The transmitter was fixed at the top of the specimen, the receiver 
probe was scanned at the opposite side between ±50° with respect to the transmitter 
acoustical axis. The maximum amplitude of the transmitted quasi pressure soundfield 
through the specimen can be recorded at a receiver position of 200 • 
In the next comparison the transmitting and receiving transducer are shear 
vertical probes. In Fig. 6 the maximum amplitude of the transmitted quasi shear 
soundfield is in this arrangement at a receiver position of -180 • The agreement of the 
measured soundfield shift and the EFIT prediction is excellent. 
3D Comparison with C-Scans 
To verify the EFIT predictions in 3D, a transmission experiment has been performed. 
The specimen has a grain-orientation, which makes an angle 7.50 with the x3-axis and 
an angle 1350 with the xl-axis (see coordinate system in Fig. 1). The measured 
transmitted C-scan on the specimen's backwall was compared with the EFIT 
prediction. The transducer was fixed on the top of the specimen and the receiver 
probe was scanned at the bottom of the block. The transmitted soundfield is 
displayed in a grey scale code. In both C-Scans it is interesting to observe the shift of 
the sound field propagation from the acoustical axis into the fourth quadrant (Fig. 7), 
where as the grains, as seen from the top, point into the second quadrant. The shift 
of the sound field results from the 3D grain-orientation of the specimen. 
For future investigations it is promising, how well EFIT can predict the wave 
propagation in such an anisotropic media. 
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Figure 3. Geometry of the beam skewing simulation. 
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Figure 4. Quasi pressure radiation into transversely isotropic austenite with a grain-
orientation of 7.50 with respect to the surface normal. 
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Figure 5. Comparison of EFIT and experiment with quasi pressure waves. 
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Figure 6. Comparison of EFIT and experiment with quasi shear waves. 
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Figure 7. Comparison of the measured C-Scan and the EFIT prediction. 
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MODELING THE ULTRASONIC INSPECTION OF SURFACE BREAKING 
CRACKS IN ANISOTROPIC AUSTENITE 
An important task for ultrasonic weld inspection is the detection of surface 
breaking cracks (SBC) and the interpretation of the reflected signals. The most 
important signals of the SBC problem are the crack tip echo and the corner reflection. 
The grain-orientation of the austenitic test specimen is perpendicular to the 
surface. The size of the backwall breaking crack located at the weld root is 10 mm. 
The modeled transducer is a 70° shear probe with a size of 20 mm and a carrier 
frequency of 2 MHz. The scan-area of the pulse-echo simulation is between 14 mm and 
65 mm from the left side of the specimen. 
In Fig. 8 time domain wave front snap-shots for discrete time instants are 
presented. The quasi-shear wavefront, generated by the 70° shear wave transducer, 
makes an angle of 25° in the austenitic specimen. In front of the quasi shear wave 
front we also observe a weak quasi pressure wave front. The crack tip reflection and 
the corner reflection can be identified. 
Scanning a line aperture and recording the A-scans allows to reconstruct a 
B-Scan image. Next, the envelope of the rf-data was used to calculate the echo 
dynamic curves of the corner and the crack tip reflection (Fig. 9). The corner echo is 
much stronger than the crack tip echo and has the maximum amplitude at the 
transducer position, where the probe makes an angle of 25° with the crack root. 
-on ntation 
Figure 8. Time domain wavefront snap shots for the SBC simulation. 
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Figure 9. RF-Data of the pulse-echo simulation and the dynamic curves of the corner 
and the crack tip reflection. 
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